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As charismatic megafauna and a flagship species, African elephants (Loxodonta 
africana) are vital to the African tourist economy. Conversely, high levels of wildlife 
tourism can induce behavioral shifts that push desired animals into less frequented areas 
and disrupt natural behaviors. In order to examine this trade-off, tourism levels and 
African elephant behaviors were studied in Zambezi National Park (ZNP) near Victoria 
Falls, Zimbabwe. Over the course of 14 weeks, in-person observations and camera traps 
in ZNP were used to collect geographic, demographic, and behavioral data from elephant 
sightings. As a proxy for human presence, geo-locational data were collected for each 
vehicle sighted in ZNP. These data of vehicles and elephants were mapped in ArcGIS to 
show a visual representation of their spatial relationship and identify high density and 
hotspot locations. Analyses from physical observations found that elephants were more 
frequently sighted in the park region with less vehicle traffic, as expected, but 
surprisingly also expressed more vigilance behaviors in that region. These results imply 
that elephants in high traffic regions become accustomed to vehicles but still avoid them 
when possible. Analyses from camera trap data revealed that only two of the six 
waterholes monitored had inversely related elephant and human presence, as predicted. 
There was no clear relationship between elephant and human presence. Future studies 
should account for habitat type differences in behavioral observations and compare 
elephant waterhole use in more heavily visited parks.  
	 1 
Chapter one: Vehicle density and African elephant behaviors in Zambezi National 
Park, Zimbabwe 
Introduction 
Tourism based on wildlife observation and interaction has grown in popularity 
alongside interests in sustainability and biodiversity conservation (Moorhouse, Dahlsjö, 
Baker, D'Cruze, & Macdonald, 2015; Reynolds & Braithwaite, 2001). Wildlife-based 
tourism is on an upward trend and is the leading foreign exchange earner in several 
countries (Moorhouse et al., 2015). It is of particular importance in sub-Saharan Africa, 
where the conservation tourism industry focuses on marketing wildlife viewing and 
profits enormously from African biodiversity (Buckley & Mossaz, 2018). Observation of 
wildlife in protected spaces, a non-consumptive form of wildlife tourism, is becoming 
increasingly popular among those wishing to experience wildlife in a sustainable and 
conservation-oriented manner (Reynolds & Braithwaite, 2001). However, research on 
tourism disturbance has identified negative consequences to this seemingly innocuous 
activity. Wildlife viewing can produce a trade-off wherein large vertebrates attract 
visitors, and their money, while potentially inducing behavioral changes that negatively 
affect the desired animals and/or drive them away from tourist-frequented areas (Malo, 
Acebes, & Traba, 2011). As most desired animals are flagship species publicized to raise 
conservation funds, such as tigers (Panthera tigris) and lions (Panthera leo), it is 
frequently the case that they are already vulnerable or endangered (Ranaweerage, 
Ranjeewa, & Sugimoto, 2015; Walpole & Leader-Williams, 2002). In these cases, 
negative effects from wildlife tourism could have serious impacts on their populations. 
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As “super predators,” humans have much stronger consumptive effects on prey 
species than other predators (Darimont, Fox, Bryan, & Reimchen, 2015). However, non-
consumptive effects are significant as well. Nonlethal stimuli related to human 
disturbance have been described as analogous to those associated with predation risk, as 
prey implement antipredator behaviors in response to stimuli from predators and 
generalized human disturbance (Frid & Dill, 2002). Forms of human disturbance span 
from simple human presence to complete habitat alteration. Defined as perceived 
predation risk, fear may have selective power as strong as or stronger than consumptive 
predation in a given predator-prey system (Brown, Laundré, & Gurung, 1999). In 
investigating this concept, fear is often assessed by evaluating antipredator behaviors, 
including vigilance, time spent foraging, and the trade-off between consuming high-
quality forage and avoiding predation via changes in habitat use (Laundré, Hernández, & 
Ripple, 2010).  
Wildlife observation can cause short-term behaviors of fear, vigilance, flight, and 
aggressive responses in a wide variety of animals (Szott, Pretorius, & Koyama, 2019). 
These antipredator responses are energetically costly and can lead to long-term 
behavioral alterations, including reduced reproductive fitness and avoidance of high-
quality habitat. Studies on songbirds found that repeated visits to nest sites by humans 
resulted in increased aggression toward humans, alteration of nest placement in the 
following years, and sometimes nest abandonment (Knight & Cole, 1995). In Argentina, 
guanacos (Lama guanicoe) in a national park were tolerant to vehicles but guanaco 
sightings were less frequent on days with higher visitor numbers (Malo et al., 2011). The 
researchers attributed this to guanaco avoidance of areas with high human presence. Off 
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the coast of New Zealand, resting behavior by bottlenose dolphins (Tursiops truncatus) 
decreased significantly when in the presence of more than three tourism boats 
(Constantine, Brunton, & Dennis, 2004). In Grand Canyon National Park, disturbance by 
helicopter noise was sufficient to reduce foraging efficiency by desert bighorn sheep 
(Ovis canadensis nelsoni) (Stockwell, Bateman, & Berger, 1991). Both prey and 
mesocarnivores have demonstrated stronger fear responses to humans than to other 
predators (Ciuti et al., 2012; Clinchy et al., 2016). Even species with few or no predators 
exhibit antipredator behaviors in response to humans. For example, a study on polar bears 
(Ursus maritimus) found that males performed more vigilance behaviors when vehicles 
were present (Dyck & Baydack, 2004). Similarly, Indian rhinoceros (Rhinoceros 
unicornis) in a Nepalese national park spent more time alert and less time feeding when 
being observed by tourists (Lott & McCoy, 1995). 
Due to their large adult size, African elephants (Loxodonta africana) have 
historically endured low risk of predation for the majorities of their lifetimes. In areas 
where elephant habitat overlaps with lion habitat, susceptible elephants, such as young 
calves or sick adults, may suffer predation by lions (Power & Compion, 2009). However, 
the greatest threats to African elephant survival are anthropogenic influences; 
specifically, poaching, habitat loss, and human-elephant conflict (HEC) (Lee & Graham, 
2006). Although the 2016 Great Elephant Census estimated that 84% of elephants 
occurred in protected areas, researchers found evidence of high elephant mortality in 
multiple protected areas that were surveyed (Chase et al., 2016). As humans have 
encroached on elephant habitat, incidents of HEC, especially crop-raiding by elephants, 
have become a common problem in landscapes of human-elephant coexistence 
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(Kangwana, 1995). These areas occur in a precarious balance due to direct and indirect 
competition for scarce resources, including land, crops, and water. Conservation 
organizations must strike a balance between protection of African elephants and support 
for local communities. 
As charismatic megafauna, ecosystem engineers, and a flagship species, African 
elephants are essential to the African economy and ecosystem. Their high tourism appeal 
means they bring in vast sums of money each year to local communities and governments 
(Buckley & Mossaz, 2018; Naidoo, Fisher, Manica, & Balmford, 2016). African 
elephants create and alter ecosystems by breaking branches, stripping bark from trees, 
and uprooting trees (Valeix et al., 2011). These activities open up densely forested areas 
and transform woodlands into savannas. Subsequent ecological effects include the growth 
and diversification of plant species in the resulting light gaps, the creation of grazing 
habitat for many grassland species, and the eventual manifestation of scrubland from 
savanna habitat (Western, 1989). The scrubland then provides forage material for a 
variety of browsing species (Valeix et al., 2011). Elephants are also important seed 
dispersers along their migration corridors, with some plants being adapted to dispersal by 
elephants (Western, 1989).  
Despite their importance and global popularity, elephant responses to non-
consumptive tourism disturbance are understudied with few published papers on the 
subject. A notable exception is a recent study on Asian elephant (Elephas maximus) 
responses to wildlife tourism in a Sri Lankan national park (Ranaweerage et al., 2015). 
Researchers found that the presence of tourist vehicles was positively correlated with 
significantly high antipredator behaviors (alert, fear, stress, and aggressive responses) by 
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elephants, in contrast to behaviors in the absence of vehicles. Male elephants exhibited 
more stress and aggressive behaviors compared with females. This difference in sexes 
could be partially attributed to the large quantity of HEC in the region, as male elephants 
have been found to cause most incidents of crop-raiding (Lee & Graham, 2006). A study 
on Sri Lankan elephants found that males were responsible for 88% of all occurrences of 
crop-raiding in the study area (Ekanayaka, Campos-Arceiz, Rupasinghe, Pastorini, & 
Fernando, 2011). Similarly, male African elephants comprised the majority of crop-
raiding elephants in a Ugandan national park (Chiyo & Cochrane, 2005). When targeted, 
many subsistence farmers will retaliate against elephants with non-fatal deterrent 
measures, such as rubber bullets, or with gunshots if the problem persists (Kangwana, 
1995). Prior negative experiences with humans such as these are likely to influence 
elephant antipredator responses to tourists (Szott et al., 2019).  
Zambezi National Park (ZNP) in northwestern Zimbabwe represented a suitable 
study site for the present work. Zimbabwe is home to abundant wildlife resources with an 
estimated 50,000 elephants occurring in northwestern Zimbabwe, and the country is 
undergoing a rapid increase in tourism (Metcalfe & Kepe, 2008; Mkono, 2010). While 
Zimbabwe’s status as a southern African tourism destination suffered in the 2000s due to 
political unrest, it has steadily recovered since 2008 (Mkono, 2010). The tourism industry 
has become the second highest contributor to the GDP of Zimbabwe’s exports (Dube & 
Nhamo, 2018). Although the region around the study site is a tourist destination to visit 
the world-renowned Victoria Falls waterfall, the park itself does not attract many visitors 
interested in wildlife tourism. This is likely to change with the upward tourism trend, as 
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ZNP boasts three of the most desired African large mammals (lions, leopards (Panthera 
pardus), and elephants) (Buckley & Mossaz, 2018).  
This study investigated the relationship between human presence and African 
elephant presence and antipredator behaviors in Zambezi National Park, Zimbabwe. 
Using vehicles as a proxy for human presence in the park, I compared elephant presence 
and antipredator behaviors in the North and South park regions. Due to the many picnic 
spots and campsites along the Zambezi River, the North experiences higher traffic levels. 
To ensure this was the case during my study, I measured traffic levels in both regions. I 
hypothesized that human presence would affect elephant presence and expression of 
antipredator behaviors. Specifically, I expected elephant presence to be greater in the 
South and antipredator behaviors to be more prevalent in the North. This was based on 
previous research on various species demonstrating less sightings in areas of high human 
presence and more antipredator behaviors in situations of high tourism pressure (Dyck & 
Baydack, 2004; Knight & Cole, 1995; Malo et al., 2011). I further hypothesized that sex 
would influence antipredator behaviors with males in both regions performing more than 
females. This prediction was based on a prior study on Asian elephants, which found 
males to exhibit more aggressive behaviors than females when in the presence of tourist 
vehicles (Ranaweerage et al., 2015). The null hypothesis was that human presence would 
not influence elephant antipredator behavior and consequently there would be no 
difference between regions. Similarly, if sex did not influence antipredator behaviors, 






The study site is Zambezi National Park (ZNP) in the northwestern corner of 
Zimbabwe with the center located at latitude -17.93° S and longitude 25.67° E (Figure 1). 
The park is approximately 54,000 hectares and bisected at latitude -17.928° S by 
Kazungula road, a paved highway leading to Botswana. This road divides ZNP into 
distinct northern and southern halves, henceforth referred to as the North and South 
regions. These are both transected by dirt roads but they differ in area and road density, 
as the North is 272.5 km2 with 0.47 km of road per km2 while the South is 265 km2 with 
0.35 km of road per km2. While the roads in the North comprise several loops covering 
much of the region, the road coverage in the South leaves much of the region inaccessible 
to vehicles. These areas also differ in their vegetation, due to the presence of the Zambezi 
River along the northern section of the North. The North is comprised primarily of dense 
vegetation while the South is sparse in comparison with grassland along the main dirt 
road (Figure 2). In terms of human presence, the North experiences more traffic due to 
the many public picnic areas and private camping facilities along the river. However, the 
South experiences some human activity at its three raised observation platforms at 
waterholes, where camping is permitted. The eight waterholes in the South comprise the 
sole water sources in the region and are all accessible to vehicles. Meanwhile, the 
Zambezi River is the sole water source for the North, but is not accessible to vehicles in 
multiple areas.  
The regions also differ in their surroundings, as ZNP is bordered by various 
habitats and land-use types, which create a patchwork of unprotected and protected land. 
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The northern edge is separated from a Zambian national park (Mosi-oa-Tunya NP) by the 
Zambezi River, while the southern edge borders communal lands and the Panda-Masuie 
State Forest. On the western side, ZNP is bordered by an unfenced hunting safari area, 
Matetsi Safari Area, which permits elephant hunting. Along the eastern border, the park 
shares the southern portion with communal lands and the northern with the resort town 
Victoria Falls and its surrounding communities.  
Zambezi National Park is a site of rising conservation and tourism importance. 
Historically, the tourism appeal of the region has come from the Victoria Falls waterfall, 
which is a UNESCO World Heritage Site, renowned natural wonder, and top African 
tourism destination (Dube & Nhamo, 2018). Since 2003, the park has been included in 
the developing Kavango-Zambezi Transfrontier Conservation Area (KAZA TFCA). This 
is a tourism, conservation, and sustainable development partnership between the five 
countries of Zambia, Zimbabwe, Botswana, Namibia, and Angola (Metcalfe & Kepe, 
2008). The goals of this initiative include marketing the region as a tourism destination, 
securing wildlife corridors, supporting human-wildlife conflict mitigation measures, and 
establishing the KAZA UNIVISA as a tourism visa for traversing country borders within 
the region (Mogende, 2016). The ca. 520,000 km2 encompassed by the KAZA TFCA 
contains the largest contiguous population of African elephants in the world. Not only 
would success of the KAZA TFCA enlarge protected space for the 250,000+ elephants 
living within, it may increase wildlife tourism in relatively unknown parks like ZNP 
(Thouless et al., 2016).  
 Fieldwork in ZNP was conducted in collaboration with the Victoria Falls branch 
of the African Lion and Environmental Research Trust (ALERT). Since June 2018, 
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ALERT has been investigating the ecology of the ZNP elephant population through a 
partnership with Zimbabwe Parks and Wildlife Management Authority. With assistance 
from international volunteers and local staff, ALERT collects elephant demographic data 
through observations from aboard research vehicles. 
 
Field procedures 
 I conducted my fieldwork in Zambezi National Park between the months of July 
and October of 2018. These months coincide with the dry season and highest seasonal 
presence of elephants in the park. Data were collected by traversing ZNP park roads by 
game vehicle, searching for vehicles and elephants. As minimal data were collected for 
vehicle sightings, we did not stop our vehicle whenever another vehicle was sighted. 
Instead, I quickly recorded the date, time, vehicle type, and Global Positioning System 
(GPS) location upon encounter. Vehicles types were divided into tourist vehicle (TV), 
personal vehicle (PV), work vehicle (WV), and empty vehicle (EV). TVs were defined as 
open vehicles set up for wildlife viewing, PVs as closed cars, WVs as those completing 
work in the park, such as construction, and EVs as any parked empty vehicles. The data 
collection schedule was formulated in accordance with ALERT’s existing field schedule 
and park hours (06:00 to 18:00 each day). Morning field sessions took place between 
07:00 and 12:00 while afternoon sessions were between 15:00 and 18:00. Each session 
took place in one park region and regions were alternated to ensure equal field efforts. 
Once a week, the entire day was devoted to fieldwork, from 07:30 to 18:00. In total, there 
were 77 days and 434 hours of elephant observation fieldwork (Table 1). Of these, 215.5 
hours were in the North and 218.5 were in the South. All data from June and nine days in 
	 10 
July were collected prior to my arrival by former ALERT Elephant Researcher Dabwiso 
Sakala. As vehicle data collection began after my arrival, there were 55 days and 316 
hours of vehicle encounter fieldwork (Table 2). Total hours in each region were almost 
equal, with 155.5 hours in the North and 160.5 in the South.  
Due to the waterholes and observation platforms in the South, I employed a sit-
and-wait strategy to encounter elephants more often in that region. In the North, I found 
elephants exclusively through active searching. When a single elephant or herd was 
sighted, we drove as close as possible without leaving the road or getting within 40 m 
from the nearest individual. This distance was sufficiently close for observations and did 
not provoke defensive responses. Once situated, the engine was turned off and encounter 
details were recorded. These comprised abiotic, geographic, and demographic data. 
Abiotic factors consisted of date, time, and any source of human disturbance, such as 
nearby vehicles. Demographic details were herd type and size, while geographic data 
were recorded using a Garmin eTrex 10 handheld GPS. Possible herd types were male-
only (MO), breeding herd (BH), mixed herd (MX), and unknown herd (UN). Breeding 
herds were defined as adult females and their offspring while mixed herds were at least 
one adult male with one or more breeding herds (Moss, 1996). When a lone elephant or 
more than half of a herd moved away upon approach by our vehicle, we stopped and 
recorded flight distance using a rangefinder. Flight distance was defined as the distance at 






At each elephant encounter, behavioral sampling of individual elephants was 
attempted immediately after encounter data were recorded. If no elephants were 
adequately visible for observation, then behavioral sampling did not take place. Focal 
elephants were selected haphazardly without replacement and observed continuously for 
15 minutes. In total, 150 focal observations were performed during the study (Table 1). 
For each individual, I recorded several abiotic and demographic factors prior to 
observation. These were date, time, sex, age class, and human disturbance (other 
vehicle(s) or observation platform). If an observation platform was present, I noted if it 
was occupied or unoccupied by visitors. As observations were only performed on adult 
and pubescent elephants, these were the only two possible age classes. Sex was 
determined by genitalia and head shape (males are rounded and females are angular) 
while age class was identified by relative size (Moss, 1996). Efforts were made to 
perform focal observations with equal frequency between sexes and in the North and 
South regions. Nonetheless, 38% more observations were performed in the South 
compared with the North and more than two-thirds of those were on males. In the North, 
22% more males were observed than females. Average focal duration was similar across 
sexes and regions (n=57, mean=9.55 ± 5.18 SD in the North; n=92, mean=10.92 ± 4.44 
SD in the South) (Table 3). 
During observations, I recorded both state and event behaviors. The ethogram of 
states used in this study is based on prior elephant behavioral research (Shannon, Page, 
Mackey, Duffy, & Slotow, 2008) and covers their main behavioral states (Table 4). In 
accordance with published research focused on elephant threat responses (Soltis, King, 
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Douglas-Hamilton, Vollrath, & Savage, 2014), event behaviors of interest were 
categorized as vigilant or aggressive (Table 5). As states are long-term behaviors while 
events are short-term, states were measured by duration in seconds while events were 
measured by frequency (Martin & Bateson, 2007). When a focal elephant became not 
visible during observation, the focal sample was resumed if it reappeared within two 
minutes and terminated if it did not. States in progress at the beginning of the sample 
were included.  
 
Statistical analysis 
 All data were input, organized, and analyzed in Microsoft® Excel version 15.14. 
Pivot tables were used to organize the data while the Analysis ToolPak was used for 
statistical analyses. Elephant and vehicle encounters, as well as focal observations, were 
categorized as North or South based on their latitude, with the GPS latitude of Kaz Road 
(-17.940) acting as the dividing point. Using the mapping software ArcGIS online, the 
distribution of all encounters were visually displayed on a satellite map of ZNP. The 
density and hotspot analysis tools were respectively used to identify high concentrations 
and statistically significant clusters of elephant and vehicle sightings across the park. 
While the density tool locates areas with more sightings than the average across the map, 
the hotspot tool calculates the Getis-Ord Gi* statistic for each data point in order to locate 
areas with statistically significant high numbers of sightings.  
 Only focal observations between seven and 16 minutes in duration, excluding not 
visible time, were retained for analysis. Shorter observations were excluded to reduce the 
chance of spurious results. Among the retained observations, there was an imbalance in 
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sample size but no significant difference in average focal duration between regions. The 
34 observations in the North were an average of 12.3 min (± 2.75 SD), while the 70 
observations in the South were an average of 13 min (± 2.70 SD). The six main state 
behaviors exhibited by these focal elephants were retained for analyses, as their durations 
added up to 99% and 98% of total observation time in the North and South respectively 
(Table 8). Two-sample t-tests were performed to compare average duration of each state 
behavior by elephant between regions and sexes within them. Focal elephants were not 
divided by age class for analyses because sample sizes of male and female pubescent 
elephants were too small. Elephants that did not exhibit a given state behavior were given 
a zero value to ensure accurate sample sizes in analyses. The major behaviors were 
treated as independent and thus no adjustment for multiple comparisons were made with 
an alpha level of 0.05. The same focal elephants and two-sample t-tests were then used to 
compare average frequency of vigilance and aggressive event behaviors, as categories 
and individual events, between regions and sexes within them. Analyses were conducted 
using numbers of events per elephant observation times in order to standardize them 
across different focal durations.  
 
Results 
Data collection of vehicle sightings in Zambezi National Park throughout the 
study confirmed my assumption of higher traffic levels in the North. In total, 550 vehicles 
were recorded in the North while only 66 were sighted in the South. Using vehicles as a 
proxy for human presence, this indicates a 733% higher level of human presence in the 
North compared with the South. Percentages of vehicle types differed between regions, 
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with tourist vehicles comprising the majority in the North, at 51%, and personal and work 
vehicles making up the majority in the South, at 38% and 35% respectively (Table 6). A 
map of vehicle distribution in the park with color-coded vehicle types provides a visual 
representation of the drastic difference in vehicle numbers and types between the regions 
(Figure 3). The only areas of high densities and statistically significant vehicle hotspots 
were across the same large stretch of park road in the North (Figures 4 & 5).   
Despite similar field efforts in terms of duration in both regions, there were 26% 
more elephant sightings in the South (n=234 in the North, n=318 in the South). It is worth 
noting that some hours in the South were spent stationary at waterhole observation 
platforms, but all hours in the North were spent traveling park roads. While few total 
flight responses were observed, they were higher in number (9) and percentage of 
encounters (4%) in the North than in the South (7 and 2%, respectively). Predominant 
herd types differed slightly by region with male-only herds forming the highest 
proportion in the South (41%) and mixed herds comprising the largest in the North (38%) 
(Table 7). The differences in number of sightings and herd types between regions were 
visually demonstrated in an ArcGIS map (Figure 6). The location of highest elephant 
sighting density was identified in the South around a roadside waterhole, while a section 
of road near the park entrance in the North was highlighted as higher than average 
elephant density (Figure 7). Similarly, three clusters of elephant sighting hotspots were 
found in the South, all around waterholes, while one hotspot was discovered over the 
aforementioned road section in the North (Figure 8).  
Focal elephant activity budgets, determined using proportion of state behavior 
durations, were more different by region than by sex (Table 8, Figure 9). There was no 
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significant difference in average duration of alert state behavior by elephant between 
regions (p=0.5) (Table 9). However, there were significant differences in several other 
states. Focal elephants in the North spent significantly more time eating while those in 
the South spent significantly more time drinking (p < 0.001) and bathing (p < 0.05). 
There were no significant differences in state behavior durations between sexes in the 
North. In the South, the only significant difference between sexes was males spending 
more time drinking compared with females (p < 0.001) (Table 10).  
 There was no significant difference in aggressive behaviors between regions but 
vigilance behaviors were significantly more frequent in the South compared with the 
North (p=0.014) (Table 11). One vigilance behavior in particular, the periscope sniff 
(PS), was performed significantly more by focal elephants in the South (p=0.0073). 
Among focal elephants in the North, there was no significant difference in frequency of 
vigilance or aggressive behaviors between sexes (Table 12). However, male elephants 
exhibited more headshake (HS) behavior than their female counterparts (p=0.019). The 
only significant difference between sexes in the South was scan (SC) behavior, which 
was more frequently displayed by male elephants. 
 
Discussion  
Research on the potential impacts of non-consumptive wildlife tourism on 
wildlife, especially flagship species, is of current interest to conservationists and park 
managers (Malo et al., 2011; Szott et al., 2019). However, few published studies have 
investigated the impact of wildlife viewing on elephant behaviors, despite the economic 
and ecological importance of elephants (Ranaweerage et al., 2015; Szott et al., 2019). 
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With this in mind, this study examined possible African elephant responses to wildlife 
tourism in a national park in Zimbabwe. In Zambezi National Park, elephant herds were 
sighted 26% more often in the significantly less trafficked South compared with the 
North. This supports prior findings of wildlife avoidance of regions with high human 
presence (Malo et al., 2011), but may be influenced by the difference in habitat types. 
Due to the layout of the park, it was easier to spot and observe elephants from the road in 
the South compared with the North. The majority of the park road network in the North is 
within thick foliage, while the main road in the South is lined by grasslands and barren 
waterholes (Figure 2). However, the higher road coverage in the North partially 
compensates for this difference in visibility related to foliage. Density and hotspot 
analyses showed highest herd sighting concentrations to be around the waterholes in the 
South. Interestingly, I rarely observed elephants in the Zambezi River in the North.  
Soon after fieldwork for this study was completed, a similar study on African 
elephant response to tourism in a game reserve in South Africa was published; these 
researchers found no significant effect of tourism on stress behaviors (Szott et al., 2019). 
They did find that elephants were most likely to perform vigilance behaviors at 
waterholes compared to other habitat types. This could shed light on my unexpected 
finding of higher vigilance, specifically periscope sniff behavior, in focal elephants in the 
South. Many focal observations in the South took place at waterholes, and may have 
influenced vigilance behaviors as a confounding factor. The same study in South Africa 
found that elephant herds were more likely to exhibit a flight response with increasing 
numbers of vehicles present (Szott et al., 2019). This was corroborated by the present 
study, as elephant herds in the region with much higher vehicle presence (North) were 
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found to exhibit flight twice as often as those in the region with minimal vehicle presence 
(South). Flight behavior in response to non-consumptive wildlife tourism has been 
previously observed in other ungulate species (Taylor & Knight, 2003). However, it is 
worth noting that overall numbers of flight responses in this study were low, at 2 and 4 
percent of total herd encounters in the South and North respectively. 
The present study found no difference in average duration of alert behavior 
between regions or sexes within them, thus corroborating previous results in South Africa 
of no effect of tourism pressure or sex on elephant vigilance behaviors (Szott et al., 
2019). Significant differences observed in state behaviors between regions may be 
influenced by habitat differences rather than human presence. Focal elephants in the 
North spent significantly more time eating while elephants in the South spent more time 
drinking. Observation locations may be responsible, as waterholes in the South are easily 
visible but many drinking points from the Zambezi River in the North are hidden from 
view. Similarly, it is easier for elephants to bathe in the shallow waterholes in the South 
as opposed to the river in the North. 
Differences in state and event behaviors between sexes were minimal in both 
regions. The only difference in activity budgets was in the South, where male elephants 
were found to spend significantly more time drinking during the day than their female 
counterparts. This supports prior research on elephant activity budgets, which found that 
focal males spent a greater proportion of their time drinking (Shannon et al., 2008). Many 
of the observed males in the present study were members of male-only groups, which 
aligns with previous findings that male-only groups occur more frequently at artificial 
water points compared with other herd types (Smit et al., 2007). There was no difference 
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in overall vigilance or aggressive behavior expression between sexes in either region. 
However, males in the North and South exhibited more headshake and scan behaviors 
respectively, compared with females. This supports results from studies on African and 
Asian elephants that found male elephants were more likely than females to exhibit 
aggressive and stress behaviors when tourism pressure was high (Ranaweerage et al., 
2015; Szott et al., 2019).  
Results obtained from this study have mixed implications regarding the impact of 
wildlife tourism on African elephant presence and behaviors. Lower frequency of 
elephant sightings in the park region with high vehicle traffic suggests elephant 
avoidance of vehicles. Conversely, lower frequency of vigilance behaviors in the region 
with high vehicle traffic suggests elephant habituation to vehicles. While these results 
seem contradictory, they align with findings from Malo et al. (2011) that showed guanaco 
avoidance of high human presence but tolerance to vehicles in a national park. A possible 
explanation is that elephants in high traffic regions become accustomed to vehicles but 
nevertheless prefer avoidance when possible. Future studies should take into account 
anthropomorphic noise, such as vehicle and human conversation noise, as these 
disturbances by tourists provoked antipredator behaviors in a study on Asian elephants 
(Ranaweerage et al., 2015). Since African elephants are a keystone and flagship species, 
tourism-induced behavioral changes may affect the ecosystem and economic 
contributions from wildlife tourism. Further research is needed to elucidate how tourists 
in protected spaces are affecting African elephants. This information can assist tourism 
and conservation agencies in striking a balance between fulfilling tourist desires and 
protecting vulnerable species.  
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Table 1. African elephant behavior sampling field effort from June through October, 











 North South 











June 2018 5 19 5 7 19 14 
July 2018 10 41 14 10 44 20 
August 2018 12 43.5 9 16 65 36 
September 2018 15 59.5 9 12 43 14 
October 2018 13 52.5 21 11 47.5 8 
Total 55 215.5 58 56 218.5 92 
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Table 2. Vehicle sighting field effort from July through October, 2018 in Zambezi 























 North South 







July 2018 0 0 1 5 
August 2018 12 43.5 16 65 
September 2018 15 59.5 12 43 
October 2018 13 52.5 11 47.5 
Total 40 155.5 40 160.5 
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Table 3. African elephant focal sample size information by region and sex. 
 
Region North South 
Sex Females Males Females Males 
Number of focals 25 32 24 68 
Observation time 
(mins) 233.35 320.95 228.12 776.45 
Avg. focal duration 


















Table 4. The ethogram of state behaviors for African elephants used in this study. 
 
States* Codes Descriptions 
Alert AL Holding head up or moving it from side to side 
Bathe BA Using trunk to cover body in water and/or mud 
Contact CO Physical contact with another elephant 
Drink DR Using trunk to take up water and placing it in mouth 
Eat EA Picking up and taking food into mouth 
Lay LA Body is horizontal on ground 
Not Visible NV Elephant is not within eyesight 
Other OT Engaged in a state not described in the ethogram 
Stand ST Upright and stationary 
Swim SW Moving forward while mostly underwater 
Walk WK Moving forward in any direction 
 








Table 5. The ethogram of event behaviors for African elephants used in this study, 
divided into two categories: vigilant and aggressive.  
 
Events Codes Descriptions 
Vigilant* 
Head-Up HU 
Lifts head above midline with ears held out and holds 
for at least 2 seconds 
Periscope Sniff PS 
Extends trunk above or in front of head and holds for at 
least 2 seconds 
Scan SC Slowly moves head side to side with ears held out 
Aggressive 
Charge CH Rapidly moves at vehicle 
Head Shake* HS Rapidly moves head side to side, causing ears to flap 
Vocalize* VO Trumpet or screaming call 
 














Table 6. Vehicle sample size information by region. 
 
Region North South 
Hours Effort 155.5 160.5 
Vehicle sightings 550 66 
Type TV PV WV EV TV PV WV EV 
Number of vehicles 279 178 61 32 15 25 23 3 
Percentage of total 51 32 11 6 23 38 35 5 
 
TV = Tourist vehicle 
PV = Personal vehicle 
WV = Work vehicle 














Table 7. African elephant herd sightings by region and type. 
 
Region North South 
Hours Effort 215.5 218.5 
Sightings 234 318 
Flight Responses 9 7 
Herd Type MO MX BH UN MO MX BH UN 
Number of sightings 63 88 68 15 130 105 64 19 
Percentage of total 27 38 29 6 41 33 20 6 
 
MO = Male only herd 
MX = Mixed herd 
BH = Breeding herd 









Table 8. Percentage of state behaviors recorded from focal observations 7-20 minutes in 
duration, organized by region and sex.  
 
 North South 
Behavior Male Female Male Female 
AL 5 0 5 4 
BA 0 2 4 1 
DR 1 0 25 7 
EA 54 55 13 19 
ST 25 24 30 42 
WK 14 18 21 25 














Table 9. Comparison of state behavior durations in North and South using two-sample t-
tests. The t stat is the inferential test statistic and df is degrees of freedom. 
 
Behavior df t stat p-value Direction of Significance 
AL 52 -0.68 0.500 - 
BA 101 -2.12 0.037* South 
DR 72 -6.47 <0.001** South 
EA 47 5.01 <0.001** North 
ST 62 -1.56 0.124 - 
WK 75 -1.92 0.058 - 
 
* Significant at p < 0.05 

















Table 10. Comparison of state behavior durations of sexes in North and South using two-
sample t-tests. The t stat is the inferential test statistic and df is degrees of freedom. 
 
North South 
Behavior df t stat p-value Behavior df t stat p-value Direction of Significance 
AL 20 1.222 0.295 AL 35 0.595 0.556 - 
BA 12 -1.000 0.337 BA 51 1.677 0.100 - 
DR 20 1.000 0.329 DR 67 4.201 <0.001* Male 
EA 30 0.251 0.804 EA 29 -0.536 0.596 - 
ST 25 0.253 0.802 ST 30 -0.757 0.455 - 
WK 29 -0.531 0.600 WK 31 -0.119 0.906 - 
 

















Table 11. Comparison of event behavior frequencies in North and South using two-
sample t-tests. The t stat is the inferential test statistic and df is degrees of freedom. 
 
Behavior df t stat p-value Direction of Significance 
HU 86 -1.012 0.314 - 
PS 94 -2.742 0.007** South 
SC 102 -1.771 0.080 - 
Vigilance 93 -2.505 0.014* South 
CH 78 -0.662 0.499 - 
HS 71 0.938 0.351 - 
VO 53 0.238 0.813 - 
Aggressive 66 0.676 0.501 - 
 
* Significant at p < 0.05 














Table 12. Comparison of event behavior frequencies between sexes in North and South 




Behavior df t stat p-value Direction of Significance 
HU 22 -1.643 0.115 - 
PS 29 -0.897 0.377 - 
SC 27 -0.542 0.529 - 
Vigilance 32 -1.240 0.224 - 
CH 20 -1.000 0.329 - 
HS 25 -2.510 0.019* Male 
VO 14 0.723 0.482 - 
Aggressive 31 -1.778 0.085 - 
 
South 
Behavior df t stat p-value Direction of Significance 
HU 42 -0.692 0.493 - 
PS 23 0.311 0.759 - 
SC 60 -3.729 <0.001** Male 
Vigilance 39 -1.700 0.097 - 
CH 17 1.607 0.126 - 
HS 61 -1.957 0.055 - 
VO 17 1.641 0.119 - 
Aggressive 30 0.461 0.648 - 
 
* Significant at p < 0.05 





Figure 1. Map of study area: Zambezi National Park (ZNP), Zimbabwe. Provided by the 
African Lion and Environmental Research Trust (ALERT). 
 
 
VF = Victoria Falls city 
Stars = Entrances to the park  
Black line = Kazungula road 




















Figure 2. Map of vegetation types in Zambezi National Park, Zimbabwe. Provided by the 











































Red = Tourist vehicle 
Blue = Personal vehicle 
Green = Work vehicle 
Purple = Empty vehicle 















































Figure 6. Map of African elephant distribution in ZNP, Zimbabwe. Herd types 




Red = Male only herd 
Blue = Mixed herd 
Green = Breeding herd 
Purple = Unknown herd 
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Chapter two: Human presence and African elephant presence at waterholes in 
Zambezi National Park, Zimbabwe 
Introduction 
Wildlife observation as a non-consumptive tourism activity is steadily growing in 
popularity and represents an essential element of the tourism industry in sub-Saharan 
Africa. Revenue from wildlife tourism is an important boost to the southern African 
economy and a significant contributor to conservation funding (Lindsey, Alexander, 
Mills, Romañach, & Woodroffe, 2007). One study in Kruger National Park found that 
tourists were willing to spend about 35% of their total spending budget on the chance to 
see the Big Five (Van Tonder, Saayman, & Krugell, 2013). These are the five heavily 
promoted flagship species that comprise the main attraction of southern African tourism 
(Di Minin, Fraser, Slotow, & MacMillan, 2012). If tourism companies can reliably find 
desired wildlife for paying visitors, the wildlife tourism industry could further benefit 
local communities and conservation initiatives. However, research has found that tourists 
can induce behavioral changes that negatively affect sought-after animals and/or drive 
them away from areas frequented by tourists (Malo, Acebes, & Traba, 2011). This has the 
negative effects of reducing the fitness of wildlife and sighting frequency of favorite 
species.  
Humans have been identified as “super predators,” capable of provoking 
antipredator responses as strong as or stronger than those to other predators in a wide 
variety of animals (Darimont, Fox, Bryan, & Reimchen, 2015). Generalized human 
disturbance, such as simple human presence, is sufficient to significantly modify wildlife 
behaviors (Green & Giese, 2004). Studies have found that vehicle use and proximity to 
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human settlements, unprotected areas, and roads can alter the behaviors of various 
species. One study in Argentina found that guanacos (Lama guanicoe) were tolerant to 
vehicles in a national park but guanaco sightings were less frequent on days with higher 
visitor numbers (Malo et al., 2011). This was attributed to guanaco avoidance of areas 
with high human presence. In Tanzania, zebra (Equus quagga) and giraffe (Giraffa 
camelopardalis) were more likely to exhibit a flight response to humans when closer to 
human settlements (Yamashita, Gaynor, Kioko, Brashares, & Kiffner, 2018). Similarly, 
woodland caribou (Rangifer tarandus caribou) were found to avoid human developments 
at levels proportional to the amount of human activity (Dyer, O'Neill, Wasel, & Boutin, 
2001). Road avoidance created a buffer zone of habitat within 250 m of roads that 
caribou used significantly less than habitat farther away. Within a protected area in Spain, 
red deer (Cervus elaphus) and wild boar (Sus scrofa) avoided all roads regardless of type 
(dirt or paved) and traffic level (D’Amico, Périquet, Román, & Revilla, 2016). Red deer 
presence was also affected by traffic levels on paved roads. A study in Kruger National 
Park in South Africa found that a common prey species, the impala (Aepyceros 
melampus), was habituated to vehicles but still avoided close proximity to paved roads 
(Mulero-Pázmány, D'Amico, & González-Suárez, 2016). Even large-bodied species with 
no predators have been found averse to human disturbance. Brown bears (Ursus arctos) 
in Scandinavia selected resting sites farther from settlements during seasons of higher 
human activity and chose sites with greater coverage when they were closer to human 
settlements (Ordiz, Støen, Delibes, & Swenson, 2011).  
While African bush elephants (Loxodonta africana) have few predators, they are 
equally susceptible to anthropomorphic predation pressure. In much of their range, 
	 47 
including protected spaces, African elephants are vulnerable to poaching and incidents of 
human-elephant conflict (HEC) (Chase et al., 2016; Kangwana, 1995). As a result, they 
employ a variety of risk-avoidance behaviors to minimize chances of human interaction. 
Male elephants aggregated in larger groups when further away from protected areas 
(Chiyo et al., 2014). This suggests they are aware of being in riskier territory. Several 
studies monitoring elephant movements found that elephants move significantly faster 
when traveling through unprotected spaces (Douglas-Hamilton, Krink, & Vollrath, 2005; 
Graham, Douglas-Hamilton, Adams, & Lee, 2009). Elephants spatially adjusted their 
movements to human presence by using corridors to cross unprotected land while 
situating their core habitats in protected land (Douglas-Hamilton et al., 2005). One study 
found that elephants avoided both dirt and paved roads situated in unprotected habitat 
(Orrick, 2018). Similarly, a study on African forest elephant (Loxodonta cyclotis) 
movements found that they did not cross roads in unprotected areas but did frequently 
cross roads in protected habitat (Blake et al., 2008). Temporally, elephants have been 
found to spend the majority of the daytime in protected areas while utilizing the cover of 
darkness to travel through human-dominated landscapes at night (Graham et al., 2009).  
As one of the Big Five, African bush elephants are a key component of the 
southern African non-consumptive wildlife tourism industry (Di Minin et al., 2012). In 
four protected areas across three southern African countries a recent study on demands by 
wildlife tourists found that elephants were the most hoped-for ungulate species (Arbieu, 
Grünewald, Martín-López, Schleuning, & Böhning-Gaese, 2017). This was unrelated to 
their supply in particular areas, indicating that their appeal to tourists is likely due to 
species-specific attributes. As large, long-lived, charismatic vertebrates, African 
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elephants are effective in raising conservation funds as a flagship species (Walpole & 
Leader-Williams, 2002). This status has far-reaching consequences for biodiversity 
conservation in that they are both ecosystem engineers and a keystone species. By 
breaking branches, stripping bark, and tearing down trees, elephants can gradually 
convert woodland habitat to primarily grassland or shrub vegetation (Valeix et al., 2011). 
The new habitat types then provide forage material for grazing and browsing species.  
As a water-dependent species, African elephants center their ranges around water 
sources and must visit waterholes frequently during the dry season (Grogan et al., 2019; 
M. W. Hayward & Hayward, 2012). These visits put them at increased risk of predation 
by lions (Panthera leo), given that lions have shown significant preference for killing all 
their prey species within 2 km from waterholes (Davidson et al., 2013). Elephants seem 
aware of the risk; one study found their vigilance behaviors to be most frequent at 
waterholes compared with other habitats (see Chapter 1; Szott, Pretorius, & Koyama, 
2019). This risk is compounded by any anthropomorphic sources of risk, such as human 
presence and vehicle use. These two factors are common at national park waterholes, 
since they act as observation points for tourists (M. W. Hayward and Hayward, 2012). 
These threats may alter usage patterns of natural waterholes by elephants, including 
temporal variations and total time occupied. One study in Hwange National Park in 
Zimbabwe found that elephant presence at waterholes peaked at dusk, while another in 
multiple protected spaces across southern Africa found that elephant presence peaked at 
midday (M. W. Hayward & Hayward, 2012; Valeix, Chamaillé-Jammes, & Fritz, 2007). 
This suggests that timing of waterhole use may vary by location, possibly due to 
differences in risk factors. The study in Zimbabwe also identified interference 
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competition by elephants at waterholes, where elephant presence caused several smaller 
herbivore species to temporally shift their waterhole use to avoid sharing with elephants 
(Valeix et al., 2007). Consequently, changes in elephant waterhole use patterns due to 
anthropomorphic threats have the potential to affect a variety of other species.  
The present study investigated the potential influence of human presence on 
elephant occurrence at waterholes in the southern region of Zambezi National Park in 
northwest Zimbabwe. All eight waterholes in the study area are accessible to tourists, 
three have observation platforms, and levels of elephant and human presence vary by 
waterhole. I hypothesized that the amount of human presence at waterholes would be 
negatively associated with the amount and temporal distribution of elephant occurrence. 
Specifically, waterholes with high human presence would have low elephant occurrence 
and would experience higher elephant occurrence at night compared with during the day. 
The null hypothesis was that there would be no relationship between the amount of 





The study site was the southern region, referred to as the South, of Zambezi 
National Park (ZNP) in northwestern Zimbabwe (Figure 1). The approximate center of 
the South is located at latitude -17.96° S and longitude 25.69° E. This area is bordered on 
the north by the paved Kazungula highway that splits the park in two, on the east by the 
resort town Victoria Falls and a highway, the west by a safari hunting park that permits 
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elephant hunting, and on the south by rural communities and a state forest. The park is 
unfenced, so the elephant population is continually in flux due to movement in and out of 
park boundaries. Consequently, elephants in the park may come from the hunting park or 
have prior experience with human-elephant conflict in nearby communities.  
Within the South, eight waterholes comprise the only water sources and all are 
easily accessible by vehicle. Five are dispersed along the main road that horizontally 
crosses the South, called Chamabondo Drive (CD), while two are along the road much 
closer to the southern park border, known as Kalisosa Drive (KD). The region 
experiences tourism in the form of overnight visits at the three waterholes with raised 
observation platforms. All three allow camping and two are located along CD while one 
is located along KD. The vast majority of local tourism is due to proximity to the Victoria 
Falls waterfall, which is a UNESCO World Heritage Site and renowned natural wonder. 
 
Data collection 
Data collection took place between August 1st and October 28th of 2018 in ZNP, 
for a total of 13 weeks. All data were collected using nine Moultrie A-40i Pro infrared 
camera traps enclosed in metal security boxes and secured to trees with Master Lock 
adjustable Python™ cables (Figure 2). The boxes and cables protected the cameras from 
both human and animal interference. Use of camera traps allowed 24/7 data collection 
during the study period, including hours the park was closed. When the study began, I 
placed camera traps at five of the eight waterholes (WH) in the study area, as two were 
lacking convenient places for attachment and one was on the map but unknown to me as 
containing water (WH 1) at the time. The placement of all cameras at waterholes ensured 
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consistency in habitat type. The six waterholes were given codes WH 1 through WH 6, 
beginning with the one closest to the main park entrance (Figure 3). Due to persistent 
problems with elephant interference, the two cameras at WH 3 were moved to WH 1 in 
the second week of September. At five waterholes, one camera was situated facing the 
water while another was secured along the park road closest to the waterhole. This 
system endeavored to capture every elephant and vehicle visit to each waterhole. At WH 
5, the park road crosses near the waterhole, so a single camera facing the water was used 
to capture both elephant and vehicle data. Permission for camera trapping was obtained 
through the project collaborators on location, the Victoria Falls branch of the African 
Lion and Environmental Research Trust (ALERT). Their staff and volunteers also 
assisted in set-up and weekly maintenance of the cameras.  
All roadside camera traps were programmed to take a burst of three photos every 
15 seconds when motion-triggered, while the cameras facing waterholes were set up to 
take only one photo with the same lag time. This was due to the many animal visits to 
waterholes resulting in excessive numbers of images captured by those cameras. After 
their placement, all cameras were checked once a week on Wednesday mornings. This 
ensured maximum functionality, as any camera issues were resolved within a week after 
their occurrence. When one or more elephants were present at a camera location upon 
arrival for the weekly check, I returned the following day to conduct the check. At these 
checks, each storage card was replaced with an empty one, batteries were replaced if 
necessary, and camera position was adjusted for optimal view. If available, fresh elephant 
dung was smeared on each security box to mask human scent. Despite multiple instances 
of camera disturbance and damage by elephants, all cameras survived the entire study.  
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 Throughout the field season, all camera trap photos were kept and organized by 
camera ID and waterhole on a laptop and an external hard drive. All images containing at 
least one elephant were retained from the waterhole cameras, while images containing at 
least one vehicle were retained from the roadside cameras. Elephant and vehicle 
occurrence were measured by time spent at a given waterhole. These data were collected 
from cameras by noting the time stamps on the first and last images of individual visits 
and calculating the difference in minutes. When there was only one photo of a visit, 
whether elephant or vehicle, it was recorded as two minutes in duration. Vehicles were 
visually categorized into three categories for analysis: tourist vehicle (TV), personal 
vehicle (PV), and work vehicle (WV). TVs were defined as open vehicles set up for 
wildlife viewing, PVs were closed cars, and WVs were those working in the park or 
belonging to park officials.  
 
Statistical analysis 
All data obtained from the camera traps were input, organized, and analyzed in 
Microsoft® Excel v. 15.14, using the Analysis ToolPak. In preparing data for analysis, 
pivot tables were used to group elephant and vehicle occurrence data by day. Sample 
sizes were equal to the number of days the respective cameras were working properly. As 
most cameras experienced some problem over the course of the study, sample sizes 
across roadside and waterhole cameras were unequal. When a waterhole or roadside 
camera did not capture any elephants or vehicles, respectively, on a day it was active, 
zero minutes were recorded for the day. Due to significant heteroscedasticity and lack of 
normality in elephant and vehicle data among waterholes, I transformed all the data using 
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log10. This allowed the use of analysis of variance (ANOVA) to compare elephant 
occurrence per day across waterholes. When the result was significant, I performed a 
Tukey-Kramer test to identify significant differences in elephant occurrence between 
specific waterholes. Using the transformed data of vehicle presence at waterholes per 
day, I followed a similar procedure with these data. In each case, the Tukey-Kramer 
method was chosen over the Tukey method due to the unequal sample sizes between 
waterholes. Multiple two-sample t-tests were used to compare average elephant 
occurrence at each waterhole by time of day (day vs. night). Day was defined as between 
the hours of 06:00 and 18:00 while night was considered any time between 18:00 and 
06:00. These hours coincide with sunrise and sunset as well as open and closed park 
hours, respectively.   
 
Results 
 Human presence and elephant occurrence varied greatly across waterholes. 
Waterholes 3 and 4 had the highest average human presence per day (178.22 ± 82.90 SD 
and 121.93 ± 133.51 SD, respectively) while waterholes 6 and 1 had the lowest (2.18 ± 
3.46 SD and 3.83 ± 4.85 SD, respectively) (Table 1). Differences in levels of presence 
were significant (p < 0.001) (Table 2), with human presence being higher at WH 3 and 
WH 4 compared against all other waterholes (Table 3). Conversely, those with the 
highest average elephant occurrence per day were WH 3 and WH 1 (86.32 ± 23.85 SD 
and 63.92 ± 15.69 SD, respectively), while those with the lowest were WH 4 and WH 2 
(19.24 ± 13.80 SD and 22.42 ± 11.64 SD, respectively) (Table 4). Again, the differences 
between waterholes were significant (p < 0.001) (Table 5). Interestingly, average 
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occurrence per day was highest in August for every waterhole except the two with the 
lowest total presence, WH 4 and WH 2. Elephant occurrence was significantly higher at 
WH 1 compared with WH 2, WH 4, and WH 5 and significantly higher at WH 3 
compared with WH 4 and WH 5 (Table 6).  
 Comparisons of temporal distribution of elephant occurrence found that elephants 
spent significantly more time at night at waterholes 2, 4, 5, and 6 (p < 0.05) (Table 7). 
Elephant occurrence at the remaining two waterholes, WH 1 and WH 3, did not differ 
between day and night.  
   
Discussion 
The effects of wildlife tourism on African elephants, particularly at waterholes, 
are an important consideration in park management and layout. As African elephants 
affect smaller herbivore species at waterholes, any possible changes in their waterhole 
use patterns could produce unforeseen consequences (Castelda, Napora, Nasseri, Vyas, & 
Schulte, 2010; Valeix et al., 2007). Tourism pressure from wildlife viewing has been 
previously shown to affect a range of species, including Asian elephants in Sri Lanka, by 
provoking avoidance and antipredator behaviors (Dyer et al., 2001; Ordiz et al., 2011; 
Ranaweerage, Ranjeewa, & Sugimoto, 2015; see Chapter 1). In a South African game 
reserve, vigilance behaviors of African elephants in response to wildlife tourism were 
significantly higher at waterholes (Szott et al., 2019). The present study identified two 
waterholes (WH 1 and WH 4), out of six monitored, where average elephant occurrence 
may have been influenced by average human presence, as they were inversely related. 
However, elephant occurrence at the other four waterholes was seemingly unrelated to 
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human presence. This did not support my prediction that waterholes with high human 
presence would have low elephant occurrence and vice versa. The findings from WH 3 
were surprising, as both human presence and elephant occurrence were significantly high.  
At four waterholes, elephant occurrence was significantly higher at night than 
during the day. These results do not align with those from a previous remote camera 
monitoring study, which found elephant occurrence at waterholes peaked at midday (M. 
W. Hayward & Hayward, 2012). Instead, they are similar to the findings from an 
observational study that found elephant occurrence to peak at dusk (Valeix et al., 2007). 
This temporal variation in elephant occurrence could be related to differences in risk 
factors at waterholes. A comparison of waterhole use patterns by three African ungulate 
species in hunting and non-hunting areas found that their temporal patterns changed 
based on location (Crosmary, Valeix, Fritz, Madzikanda, & Côté, 2012). All three 
avoided waterholes at night in non-hunting areas but visited waterholes more often at 
night in hunting areas. The researchers concluded that the ungulates visited during the 
day when their only concern was their nocturnal predators, but changed their behavior to 
avoid daytime human predation in hunting areas. It is possible that elephant occurrence 
was higher at night at most waterholes in this study because of risk presented by human 
activities at or near those locations.  
This study found minimal impact of human presence on African elephant 
occurrence at waterholes. This corroborates recent findings from Szott et al. (2019), 
which showed no significant impact of tourism pressure on African elephant behaviors. 
At the low tourism levels in Zambezi National Park, elephant occurrence at most 
waterholes monitored did not correlate to level of human presence. Future research 
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should examine the relationship between human presence and elephant waterhole use in 
more frequented African national parks. This could help determine the threshold of 
human presence above which elephants alter their waterhole use patterns. As previous 
research has shown that progressively high tourism pressure increases chances of 
elephant flight response (Szott et al., 2019), it would be beneficial to conservationists and 
park managers alike to know if and when tourist presence begins to alter elephant 
behaviors. This is especially important at waterholes because they are often used as 





Table 1. Duration of vehicle presence at waterholes organized by month. 
 
 








Waterhole Month *Days Active Total duration Avg. min/day SD 
WH 1 September 4 16 4.00 2.83 
WH 1 October 26 99 3.81 5.00 
WH 1 Total 30 115 3.83 4.85 
WH 2 August 31 139 4.48 6.50 
WH 2 September 8 48 6.00 4.78 
WH 2 October 16 43 2.69 4.67 
WH 2 Total 55 230 4.18 5.94 
WH 3 August 30 4785 159.50 92.57 
WH 3 September 13 458 35.23 23.44 
WH 3 Total 43 5243 121.93 82.90 
WH 4 August 31 8984 289.81 145.56 
WH 4 September 13 462 35.54 19.62 
WH 4 October 14 891 63.64 112.55 
WH 4 Total 58 10337 178.22 133.51 
WH 5 August 25 1107 44.28 134.92 
WH 5 September 26 40 1.54 0 
WH 5 October 20 45 2.25 4.00 
WH 5 Total 71 1192 16.79 101.75 
WH 6 August 25 55 2.20 3.16 
WH 6 September 30 61 2.03 3.31 
WH 6 October 24 56 2.33 4.10 
WH 6 Total 79 172 2.18 3.46 
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Table 2. One-way ANOVA table comparing vehicle presence at waterholes. 
 
Source of Variation SS df MS F p-value F crit 
Between Groups 77.456 5 15.491 39.495 <0.001 2.241 
Within Groups 129.435 330 0.392    
       


















Table 3. Tukey-Kramer comparison of means for vehicle presence at waterholes.     
Alpha = 0.05. 
 
Group 1 Group 2 Difference n (Gr 1) n (Gr 2) SE q Sig 
WH 1 WH 2 0.020 30 55 0.101 0.204 No 
WH 1 WH 3 0.992 30 43 0.105 9.419 Yes 
WH 1 WH 4 0.934 30 58 0.100 9.375 Yes 
WH 1 WH 5 0.145 30 71 0.096 1.508 No 
WH 1  WH 6 0.121 30 79 0.095 1.275 No 
WH 2 WH 3 0.972 55 43 0.090 10.780 Yes 
WH 2 WH 4 0.913 55 58 0.083 10.957 Yes 
WH 2 WH 5 0.166 55 71 0.080 2.086 No 
WH 2 WH 6 0.142 55 79 0.078 1.821 No 
WH 3 WH 4 0.059 43 58 0.089 0.657 No 
WH 3 WH 5 1.138 43 71 0.086 13.295 Yes 
WH 3 WH 6 1.113 43 79 0.084 13.267 Yes 
WH 4 WH 5 1.079 58 71 0.078 13.768 Yes 
WH 4 WH 6 1.055 58 79 0.077 13.775 Yes 




Table 4. Duration of elephant presence at waterholes organized by month. 
 
 








Waterhole Month *Days Active Total (min) Avg. min/day SD 
WH 1 September 15 1554 103.60 17.90 
WH 1 October 23 875 38.04 11.86 
WH 1 Total 38 2429 63.92 15.69 
WH 2 August 14 290 20.71 6.55 
WH 2 September 24 707 29.46 9.91 
WH 2 October 26 438 16.85 18.98 
WH 2 Total 64 1435 22.42 11.64 
WH 3 August 17 1988 116.94 26.79 
WH 3 September 8 170 21.25 4.58 
WH 3 Total 25 2158 86.32 23.85 
WH 4 August 25 317 12.68 10.04 
WH 4 September 30 519 17.30 9.07 
WH 4 October 20 607 30.35 19.83 
WH 4 Total 75 1443 19.24 13.80 
WH 5 August 25 1698 67.92 33.26 
WH 5 September 26 380 14.62 35.25 
WH 5 October 24 52 2.17 11.70 
WH 5 Total 75 2130 28.40 32.81 
WH 6 August 22 1323 60.14 23.14 
WH 6 September 30 1424 47.47 21.13 
WH 6 October 22 151 6.86 16.69 
WH 6 Total 74 2898 39.16 21.73 
	 61 
Table 5. One-way ANOVA table comparing elephant presence at waterholes. 
 
Source of Variation SS df MS F p-value F crit 
Between Groups 19.399 5 3.880 6.760 <0.001 2.240 
Within Groups 198.005 345 0.574    
       




















Table 6. Tukey-Kramer comparison of means for elephant presence at waterholes.   
Alpha = 0.05. 
 
Group 1 Group 2 Difference n (Gr 1) n (Gr 2) SE q Sig 
WH 1 WH 2 0.625 38 64 0.1097 5.6928 Yes 
WH 1 WH 3 0.165 38 25 0.1380 1.1992 No 
WH 1 WH 4 0.678 38 75 0.1067 6.3574 Yes 
WH 1 WH 5 0.688 38 75 0.1067 6.4496 Yes 
WH 1  WH 6 0.379 38 74 0.1069 3.5466 No 
WH 2 WH 3 0.459 64 25 0.1263 3.6338 No 
WH 2 WH 4 0.054 64 75 0.0912 0.5879 No 
WH 2 WH 5 0.063 64 75 0.0912 0.6958 No 
WH 2 WH 6 0.245 64 74 0.0914 2.6833 No 
WH 3 WH 4 0.513 25 75 0.1237 4.1443 Yes 
WH 3 WH 5 0.523 25 75 0.1237 4.2238 Yes 
WH 3 WH 6 0.214 25 74 0.1239 1.7248 No 
WH 4 WH 5 0.010 75 75 0.0875 0.1124 No 
WH 4 WH 6 0.299 75 74 0.0878 3.4061 No 














Table 7. Comparisons of elephant presence at waterholes in day vs. night using two-
sample t-tests. 
 
Waterhole df t stat p-value Direction of Significance 
WH 1 73 -0.399 0.691 - 
WH 2 82 -4.617 <0.001** Night 
WH 3 48 -0.016 0.987 - 
WH 4 78 -4.566 <0.001** Night 
WH 5 127 -2.217 0.028* Night 
WH 6 82 -4.929 <0.001** Night 
 
* Significant at p < 0.05 









Figure 1. Map of the study area, the South region of Zambezi National Park (ZNP). 
Provided by the African Lion and Environmental Research Trust (ALERT).  
 
 
Black line = Kazungula Road 
Gray line = Park border 
Red line = Park road 















Figure 2. Moultrie A-40i camera trap enclosed in security box and secured to a tree with 

















Figure 3. ArcGIS map of camera trap locations in ZNP. 
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Appendix I: Cumulative risk values 
Studies have found that vehicle use and proximity to human settlements, 
unprotected areas, and roads can alter the behaviors of various species, including African 
elephants. The main anthropogenic risk factors within the study site are proximity to 
unprotected spaces, Victoria Falls town, Kazungula road, and vehicle traffic. As the 
waterholes are dispersed throughout the study area, each is a different distance from these 
features. I hypothesized that cumulative risk values of waterholes would correlate with 
level of elephant presence. Specifically, I predicted that low-risk waterholes would have 
the highest amount of elephant presence and greater proportion of daytime presence 
compared with high-risk waterholes. 
Two road transects of Kazungula highway during the study period determined 16 
and 19 vehicles per 30 minutes in morning and afternoon, respectively. I conducted these 
transects by counting passing vehicles from the side of the highway at its approximate 
midpoint within ZNP. Cumulative risk values for waterholes were determined by first 
measuring the distance of each waterhole from Kazungula road, Victoria Falls town, and 
the nearest park border. These values were multiplied by -1 and averaged with the 
average daytime vehicle presence per day for each waterhole. Daytime presence was used 
to avoid skewing the data with overnight camping data. The final risk values were then 
standardized by adding the smallest one to each value, in order to eliminate all negative 
numbers. 
The waterholes with relatively low cumulative risk values were WH 6, WH 5, 
WH 2 and WH 1 while those with much higher risk were WH 3 and WH 4 (Table A1). 
Contrary to my prediction, one of the high risk waterholes (WH 3) had high elephant 
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presence and no difference in time of day. However, the other high risk waterhole (WH 
4) was consistent with my prediction by having low elephant presence and significantly 
more of it at night. There was no overall correlation between cumulative risk values of 
waterholes and elephant presence. 
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Table A1. Cumulative risk values of waterholes. 
 
Waterhole WH 1 WH 2 WH 3 WH 4 WH 5 WH 6 
Avg. vehicle 
presence (mins) 3.8 4.11 70.77 67.28 6.61 2.09 
Distance from park 
border (km) -2.32 -3.13 -6.75 -0.6 -1.18 -0.59 
Distance from Kaz 
road (km) -3.74 -4.03 -3.66 -7.3 -11.5 -12.2 
Distance from 
Victoria Falls (km) -4.53 -5.33 -9.3 -23.9 -17.7 -13.2 
Risk value -1.70 -2.10 12.77 8.87 -5.94 -5.98 
Risk value 
standardized 4.28 3.88 18.74 14.85 0.03 0 
 
 
